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SCOPE AND SUMMARY 

This is the final repor t  on Task Orde r  12  of Contract No. NAS8-5196 
fo r  National Aeronautics and Space Administration. This  task o r d e r  
concerned the determination of the total normal  absorptance of a thin 
lampblack coating on a smooth, clean, copper surface over  the temperature  
range from '70°F to 1 5 O O O F .  

The absorptance was determined by measuring the emittance of the 
coating and assuming emittance equal to absorptance.  
was confirmed by Kirchoff ' s  law since the data obtained indicated that 
the lampblack coating radiated as a g ray  body. 

This assumption 

The emittance was measured by comparing the energy received by 
a radiometer f rom the sample to  that received from a blackbody a t  the 
s a m e  temperature.  
emittance that remained constant at 0.90 over the ent i re  temperature  range. 

The lampblack coating exhibited a total normal  

t 

SPECIMEN MATERIAL AND PREPARATION 

The lampblack employed for  this evaluation was supplied by NASA 
and was designated as Lamp Black 1's prepared  by the L. Martin Company, 
Tacony, Pennsylvania. 

The lampblack was mixed with carbon tetrachloride and painted on 
the copper surface,  resulting i n  a thin (less than 0.001 inch thick) coating 
of lampblack a f t e r  evaporation of the carbon tetrachloride.  The copper 
subs t ra te  had a smooth surface finish that was prepared by hand buffing 
with "Grade 2'11 s t ee l  wool. 
coating was applied after the copper subs t ra te  was installed and instrumented 
within the apparatus.  

T o  avoid handling p r io r  to the runs, the 

1. American Flex-Fold Steel Wool 
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APPARATUS AND PROCEDURE 

Y 

The total normal  emittance was measured by comparing the 
energy received f rom the sample to  that received f r o m  a blackbody 
cavity maintained a t  the s a m e  temperature.  
the s a m e  basic  apparatus  were  used to cover  the ent i re  temperature  
range of 70°F to 1500OF. The standard emittance apparatus that has  
been employed h e r e  f o r  the past  severa l  yea r s  was utilized f o r  the 
evaluation from 600°F to 1500°F. 
800°F a modification of the s tandard apparatus was employed. 
s tandard apparatus and procedure a r e  described briefly in the text 
and in  detail in the Appendix; the special  procedures  employed a r e  
descr ibed in detail  in  the following sections. 

Two ar rangements  of 

Fo r  the lower range of 70°F to  
The 

Standard Apparatus Used f rom 600°F to 1500°F 

The  temperature  of the coated surface was measured with a chromel- 
a lumel  thermocouple spot welded to the viewed surface of the copper disc. 
The thermocouple wi re s  of .005 inch diameter  were  extended direct ly  f rom 
the su r face  and brought through a double bore alumina tube situated in the 
mid-plane of the disc, as shown in  Figure 1, to provide thermal  guarding 
along the initial length of the wire. 

The calibration of the radiometer was checked with a sma l l  blackbody 
cavity of 2:l aspect  ra t io  inser ted in the field of the flat coil. F rom 500°F 
to 1500°F the radiometer  output during this calibration was slightly higher 
than the previous calibration (shown in  the Appendix), so the recalibration 
curve, shown in F igure  2, was used f o r  the computation of emittance. 

The  emittance was calculated by dividing the radiometer  output when 
viewing the specimen by the output indicated on the calibration curve of 
F igure  2 for  the s a m e  temperature .  

Xodified Apparatus Used from 70°F to 800°F 

The  total normal  emittance from 70°F to 800°F was determined by 
employing a modified apparatus which incorporated the basic  pa r t s  of the 
s tandard apparatus.  
radiant exchange between the radiometer and the low tempera ture  specimen, 
and minimize extraneous radiation from the surroundings, thus providing 
the maximum millivolt output and minimum background 'lnoise'l f rom the 
radiometer .  

The modifications were made in  o rde r  to  allow sufficient 
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The apparatus is schematically shown in  F igure  3.  The blackbody 
cavity of approximately 4:l aspect  ra t io  was fabricated from copper to 
the configuration shown in Figure 4, and was heated resis t ively with 
Kanthal wire windings encased within the surrounding casting of alumina 
cement. 
applying a uniform coating of lampblack. The two specimens a l so  had 
separa te  hea ters  and with the blackbody cavity were installed on the t ransi te  
support b a r  which in turn  was clamped to the movable blank off valve. 
This  enabled the specimens and the blackbody to be rapidly aligned in view 
of the radiometer .  
run  by external  stops.  

The cavity walls were darkened by oxidizing the copper and 

The alignment was prese t  and maintained during the 

The tempera tures  of the specimens were monitored by chromel- 
a lumel  thermocouples welded to the copper subs t ra te  of the viewed 
surface.  
was accomplished by inserting the wires  in  a double bore  alumina tube 
which r a n  diagonally through the corner  of the hea ter  block as il lustrated 
in Figure 3. 
chromel-alumel thermocouples inserted a t  different depths within the wall 
of the cavity. 

Thermal  guarding of the 0.005 inch diameter  thermocouple wires  

The tempera ture  of the blackbody was monitored with two 

The radiometer  housing was designed to cool and maintain the 
radiometer  a t  an  even temperature  and a l so  to position the radiometer  
nea r  the specimen. As shown i n  Figure 3, copper cooling coils were 
soldered to  the housing and, depending on the des i red  specimen tempera-  
ture,  liquid nitrogen o r  water  was employed fo r  cooling. 
tempera tures  f rom 70°F to 200°F, liquid nitrogen was used; above 200OF 
water  was employed. The en t i re  apparatus was insulated with F iber f rax  
and other  insulating mater ia ls .  

F o r  specimen 

The evaluation was performed in  a d r y  helium atmosphere to 
eliminate frosting and oxidation. 
evacuating the sys tem seve ra l  times, refilling with dry  helium and main- 
taining a heliun: purge throughout the run. 

This  a tmosphere was obtained by initially 

After providing the dry  helium atmosphere,  liquid nitrogen was 
circulated through the cooling coils and the radiometer  and housing were  
allowed to reach steady s ta te .  
used, the water  was circulated through the coi ls  severa l  hours  previous 
to the run and the helium atmosphere was provided when the radiometer  
reached a steady temperature .  For both cases ,  data were  not obtained 

F o r  the cases  where water cooling was 

~~ 
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until the radiometer  ze ro  reading (obtained with the rad iometer  viewing 
the blank off valve) remained steady, indicating thermal  equilibrium 
throughout the thermopile. The data were obtained by (1) recording 
the tempera ture  of the specimen or  blackbody, (2) obtaining a radiometer  
zero  reading, (3) aligning the specimens o r  blackbody cavity in view, 
(4) obtaining the radiometer  output, and (5) recording the final tempera ture  
of the specimen or  blackbody. 

The blackbody cavity was utilized as a re ference  during each run 
because the radiometer  z e r o  and output readings between runs were  
slightly affected by some  variation in the final t empera ture  of the radiometer  
a f te r  cool-down. 
water  cooling, s eve ra l  readings were taken viewing the specimens and the 
blackbody a t  var ious temperatures .  The data of rad iometer  output ve r sus  
tempera ture  fo r  the blackbody radiation are shown in  F igures  5 and 6 f o r  
the runs  with liquid nitrogen and water cooling, respectively. 
of the specimens was calculated by dividing the radiometer  millivolt output 
while viewing the specimen by the output indicated on the curves of F igures  
5 and 6 a t  the s a m e  temperature .  

F o r  both cases  employing ei ther  the liquid nitrogen o r  

The emittance 

During the runs with liquid nitrogen cooling, the tempera ture  of 
the specimens var ied slightly while each point was being monitored. 
was caused by the sma l l  helium purge which impinged on the specimen 
while i t  was in  the field of view of the radiometer .  
t empera tures  before and af te r  the radiometer  reading were  not affected 
significantly and the tempera ture  gradients along the axis  of the cavity 
remained a t  l e s s  than 5°F. With water cooling, the temperature  drop of 
the specimens while monitoring the reading was less than 2°F and gradients 
within the blackbody cavity were  negligible. 
the average tempera ture  was used. 

This  

However, the blackbody 

In calculating the emittance , 

DATA AND RESULTS 

The total normal  emittance of the iampbiack coaling deterriilred from 
70°F to 1500°F is shown in  Figure 7 and Table 1. 
at a constant value of 0.90 over  the ent i re  tempera ture  range. 

The emittance remained 

The smooth curve  was fitted to the data favoring the higher values 
obtained with the modified apparatus in  the tempera ture  range  from 600°F 
to 800°F since the modified apparatus had bet ter  response and was considered 
m o r e  accura te  than the standard arrangement a t  these temperatures .  
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This  value of 0.90 is slightly lower than the values of 0.92  to 
0.96 reported in the l i terature .  
thickness of the coating and the relatively low emittance of the substrate .  

This was attr ibuted to the minimum 

With review of the above data, the assumption of emittance being 
equal to absorptance for  this case  w a s  considered valid. 
law, the total  emittance will equal total  absorptance provided the sur face  
radiates  as a g r a y  body. The constant value of emittance over the ent i re  
tempera ture  range indicated gray  body radiation a t  l eas t  over  the c o r r e -  
sponding wavelength band of 2 . 6  to 10 microns.  
probably occurs  over  a wider wavelength range s ince the dull black appear-  
ance of the sur face  a l so  qualitatively suggests  that the absorptance is close 
to  0.9 at  the lower wavelengths in the visible range. 

Under Kirchoff's 

Gray  body radiation 

A Submitted by: 
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, -7 

C. D. Pears, Head 
Mechanical Engineering Division 

7240-1 481 - 12-XXXIV 
(10:20) lw 

W. T. Engelke v 
A s  s ocia t e Engineer 
Therm od yna m i c  s Se c t ion 

? 

S O U T H E R N  RESEARCH INSTITUTE 



-6- 

r 

Chromel-Alumel 
Thermocouple  7 
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F igure  1 .  Specimen Configuration Used in the Standard Apparatus  
for T e m p e r a t u r e s  f rom 600°F to 1500°F 
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F igu re  2. Recalibration of Radiometer  Output vs Tempera tu re  f o r  Blackbody 
Radiation in Standard Apparatus  
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TZa d i o m e t e r 
(See Appendix) 

Chromel-  Alumel 
Thermoc-ouple (See Appendix) 

Coated Regular Blank-Off Valve 
( S e c  Appendix) 

Cooled with Liquid Nitrog 
or W.1ter 

L T r a n s i t e  Support B a r  
Alumina Cement 

Chromel  -Alumel 
Thermocoupl-3 

1 Dia Double B o r e  
Alumina Tube 

Copper  Heater  Block 
Detail A 

:en 

F i g u r e  3. Modified Apparatus  for  Emittance Determination f r o m  70°F to 800°F 
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F i g u r e  4. Blackbody Cavity Configuration for  Modified Apparatus 
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F igure  6. Water  Cooled Radiometer Output vs Tempera tu re  for Blackbody 
Radiation in  Modified Apparatus  
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Table 1 

Time 

Total Normal Emittance of Lampblack Coating on a 
Smooth Copper Surface 

Specimen --. Radiometer - Output Total 
for for Normal Temperature 

Emittance " F  Specimen MV Blackbody MV 

c 

Specimen 1 
1 :50 
1:54 
1:59 
2:30 
2:35 
2:40 
2:48 
2:56 
3:02 
3:08 
3:13 
3:18 
3:31 
3:36 
3:41 
3:47 

Specimen 2 
1 :30 
1 :47 
1 :52 
1:56 
2:04 
2:07 
2:lO 
2:18 
2:23 
2:28 
2:36 
2:42 
2:48 
2:52 
2:56 
3:12 
3:17 

661 
658 
671 
983 

1004 
1021 
1148 
1152 
1162 
1297 
1320 
1300 
1527 
1520 
1511 
1510 

646 
837 
870 
889 
977 
963 
9 70 

1154 
1145 
1160 
1374 
1399 
1437 
1424 
1460 
1516 
1533 

0.026 
0.024 
0.027 
0.065 
0.069 
0.073 
0.104 
0.102 
0.108 
0.146 
0.150 
0.144 
0.249 
0.244 
0.235 
0.240 

0.023 
0.041 
0.044 
0.047 
0.060 
0.060 
0.062 
0.108 
0.104 
0.108 
0.181 
0.197 
0.203 
0.199 
0.209 
0.243 
0.248 

0.029 
0.028 
0.030 
0.075 
0.080 
0.083 
0.117 
0.118 
0.120 
0.163 
0.172 
0.164 
0.267 
0.263 
0.259 
0.259 

0.028 
0.049 
0.054 
0.057 
0.073 
0.071 
0.072 
0.117 
0.115 
0.119 
0.193 
0.204 
0.220 
0.215 
0.232 
0.261 
0.271 

(During and after above run, surface coating was observed as not uniform) 

Specimen 3 
1 :40 
1:46 
1 :51 
1:57 
2:03 
2:08 
2:12 
2:16 
2:20 
2:25 
2:30 
2 3 5  
2:50 
2:57 
3:02 
3:27 
3:33 
3:38 
3:53 
3:58 
4:04 

748 
804 
828 
989 

icli5 
1043 
1066 
1048 
l t 4 8  
1049 
1047 
1039 
1167 
1197 
1209 
1329 
1317 
1320 
1528 
1505 
1501 

0.032 
0.037 
0.039 
0.069 
0.071 
0.078 
0.080 
0.080 
0.079 
0.077 
0.081 
0.078 
0.106 
0. 113 
0.115 
0.151 
0.148 
0.149 
0.236 
0.229 
0.226 

0.037 
0.045 
0.048 
0.076 
0.082 
0.088 
0.094 
0.088 
0.088 
0.090 
0.089 
0.087 
0.121 
0.130 
0.133 
0.175 
0.170 
0.172 
0.267 
0.255 
0.253 - 

0.90 
0.86 
0.90 
0.87 
0.86 
0.88 
0.89 
0.86 
0.90 
0.90 
0.87 
0. 87 
0.93 
0.93 
0.91 
0.93 

0.82 
0.84 
0.81 
0.82 
0.82 
0. 84 
0.86 
0.92 
0.91 
0.91 
0.94 
0.97 
0.92 
0.93 
0.90 
0.98 
0.92 

0.86 
0.82 
0.81 
0.91 
0.87 
0.89 
0.85 
0.91 
0.90 
0.86 
0.91 
0.90 
0.88 
0.87 
0.86 
0.86 
0.87 
0.87 
0. 88 
0.89 
0. 89 
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Specimen Radiometer Output Total  
Tempera tu re  ' fo r  fo r  Normal  

"F Specimen MV Blackbody MV Em it  tance 

Table 1 (continued) 

Total  Normal  Emittance of Lampblack Coating on a 
Smooth Copper Surface 

Specimen 4 
10:42 
10:51 
11 :03 
11:09 
11:25 

Specimen 5 
10:44 
11 :oo 
11:19 
11:28 

68 
64 
99 
118 
113 

63 
93 

115 
108 

.0082 

.0085 

.Olll 

.0134 
* 01 19 

,0080 
.0098 
.0120 
.0116 

Modified Apparatus f o r  Low Tempera ture  Range 
Specimen 4, Run1 

11 :48 
1 :08 
1 :24 
2:58 
3:24 
4:07 
4:20 

Run 2 
10:44 
11 :01 
12:50 
1 :07 

Specimen 5, Run 1 
11:52 
1:11 
1 :27 
3 :01 
3:28 

Run 2 
10:48 
11:05 
12:55 
1:12 

212 
293 
293 
401 
396 
487 
49 1 

585 
579 
795 
79 5 

204 
29 1 
290 
386 
41 0 

570 
568 
784 
792 

.0226 
,0410 
.0419 
.0790 
.0724 
.1194 
.1208 

,1846 
1765 
.3603 
.3651 

.0219 

.0425 
,0414 
.0740 
.0816 

.1772 
,1721 
,3706 
.3736 

.0097 

.0094 

.0122 

.0141 

.0136 

.0093 

.0117 

.0138 

.0131 
t ad iomete r  Water Cooled) 

.026 

.048 

.048 

.087 

.086 

.130 

.132 

.191 

.187 

.404 

.404 

.024 

.047 

.047 

.081 

.091 

.181 

.180 

.391 

.401 

.85 

.90 

.91 

.95 

.83 

.86 

.84 

.87 

.89 

.87 

.85 

.87 

.91 

.84 

.92 

.91 

.97 

.95 

.89 

.90 

.91 

.90 

.88 

.91 

.90 

.98 

.96 

.95 

.93 
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TOTAL NORMAL EMITTANCE TO 5000" F 

General  

Emittance is measured by comparing the energy received by a 
rad iometer  f rom the sample to that received f rom a blackbody cavity 
maintained at  the s a m e  temperature ,  

The equipment may be divided into three main par ts :  the induction 
heating furnace,  the radiometer,  and the temperature  measurement  equip- 
ment. F igure  1 shows a picture of the complete equipment. 

Description of Apparatus 

A c r o s s  section of the apparatus is shown in Figure 2. 
specimen (1) is supported in the center  of toe flat concentrator 
induction coil  (2) by a zirconia cylinder filled with fine zirconia grog 
and tungsten wires  (3). 
with coa r se  zirconia grog (4). The radiometer  (5) views the specimen 
f r o m  direct ly  above through a water-cooled tube (6). 
o p t x a l  valve (7) is  used to blank off the specimen f r o m  the radiometer .  
Optical-temperature readings a r e  taken through the main port  (8), which 
may be pushed in to view the specimen through a m l r r o r  (9) f rom directly 
above. 
out and away f rom the line of sight of the radiometer.  Auxiliary port  (10) 
is  used to view the specimen directly as a check f o r  the main port. Both 
viewing por t s  contain sapphire windows. The portion of the furnace above 
the specimen (11) is water-cooled to eliminate any possibility of energy 
being reflected back onto the specimen surface.  The emittance furnace 
i s  built of s tee l  and sealed with "0" rings s o  that a vacuum may be attained. 

The 

The zirconia cylinder rests on a crucible filled 

A water-cooled 

When radiometer  readings are being taken, the main port  is pulled 

1 The radiometer ,  s e e  Figure 3,  w a s  constructed according to Snyder 
and Gier'with some modifications. 
approximately 160 turns of No. 40 AWG bare-constantan w i r e  (104 turns  

The receiver  element consis ts  of 

1 Snyder, N. W. ,  Gier,  J. T. , and Dunkle, R. V. , "Total Normal 
Emissivi ty  Measurements on Aircraft Materials Between 100 and 
1000" F, Trans ,  of the A. S. M. E. , Vol. 77, 1944, p. 1011. 

2 Gier ,  J. T . ,  and Boelter, L. M. K. , "The Silver-Constantan Plated 
Thermopile,  'I Temperature  - Its Measurement and Control in Science 
and Industry, American Institute of Physics,  1941, p. 1284. 
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. 
p e r  inch) wound around a plastic insulator s t r i p  about 2" long by 1;" wide 

coil  s o  that two $I' wide l ines of si lver-constantan junctions, 
fo rmed  on the same  side of the coil and a c r o s s  all of the wire  tu rns .  
remainder  of the ent i re  coil was silver plated. 
junctions w a s  covered with a thin, narrow s t r i p  of black paper.  

placed to receive energy f rom the sample.  
t e rmed the passive o r  

by 5 1 1  thick. Silver w a s  electroplated in seve ra l  s tages  onto the constantan 
Ll t apart ,  were  

The 
Each of the two l ines  of 

One of 
these junction l ines is designated as the active or  II hot" junction and is 

The other is  shielded and 
1 1  cold" junction. 

In o r d e r  to shield the element f rom extraneous radiation, a 
cylindrical  housing i s  placed immediately around the thermopile. 
front of the housing contains a rectangular opening 2' by 15" to allow 
the element to "see1'  the specimen. The actual limiting of the rece iver  
field is accomplished by this rectangular s l i t  and the f" round stop (12) 
j u s t  above the specimen. Additional s tops in the water-cooled tube were 
installed as an added insurance to fur ther  minimize spurious reflections.  
Tne rad iometer  views the specimen directly.  This eliminates the possi-  
bility of d i r ty  lenses  affecting the reading and, also,  eliminates the 
spec t r a l  selectivity of the different types of mater ia l s  used as windows. 

The 

The voltage generated by the rece iver  is  measured with a Type K-3 
Leeds and Northrup potentiometer in conjunction with an  L and N Type 
2430 DC galvanometer of 0.43 microvolts p e r  mil l imeter  deflection 
sensit ivity.  
potentiometer. 

Tempera tures  a r e  measured with a Leeds and Northrup portable 

ThP rece iver  element w a s  calibrated against a carbon-f ilament 
lamp of known radiation3 and demonstrated a sensit ivity of 8 . 6 6  
B t u / h r  / s q f t / millivolt. 

The radiometer  w a s  checked, also,  against an  Eppley thermopile 
with 1 2  bismuth-si lver  junctions and a 1 - m m  quartz  window and agreed 
within 10% s c a t t e r  of data  points. By f ac to ry  calibration the sensit ivity 
of the Eppley thermopile is 0.048 microvolts /microwat t / sq  cm. 

The optical pyrometers  used are L and N catalog type 8622 
cal ibrated in accordance with the International Cri t ical  Table of 1948 
f o r  an  emittance of unity. 

3 Lamp No. C584, calibration by the National Bureau of Standards and 
reported in NBS Report 132737 A, July 1 ,  1952. 
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Calibration Procedure 

To calibratc. the radiometer fo r  blackbody radiation, a blackbody 
cavity with a 6 to 1 aspect ra t io  made f rom graphite w a s  used. 
body cavity w a s  insulated by zirconia grog and lampblack placed in the 
annulus between the ldackbody and the load coil, s e e  Figure 4. 

The black- 

The accurate determinations of the specimen and blackbody temper-  
atures are essential to good data. 
t empera tures  a r e  determined relatively eas i ly  by (1) thermocouples placed 
in the bottom of the cavity; (2) thermocouples dropped into the cavity; and 
(3) optical pyrometer  observations. Up to 3000" F, agreement to within 
15" F has been obtained 1-egularly between these three readings. Above 
3000" F the agreement between tungsten-rhenium couples and the optical 
pyrometer  has been generally within 50" F o r  the repeatabil i ty of this type 
of thermocouple. Actually, the optical readings have no e r r o r  other than 
those of the instrument calibration and the human e r r o r ,  which appears  to 
provide a readout s ca t t e r  of about 20" F at 4000" F. 

F o r  the cavity-type blackbody, the 

Radiometer output v e r s u s  temperature  f o r  blackbody radiation is 
plotted in Figure 5. 
2500" F to 5000" F with a slight curvature  below 2000" F. 
standards,  the emittance of 304 s ta in less  s teel ,  tarnished tungsten, and 
graphite were measured,  see Figure 6. 
steel ranged f rom 0.15 at 700" F to 0.67 at 2000" F. 
in close agreement  with the l i terature  va lues .  
also,  checked out closely with the l i t e ra ture  wi th  values f rom 0.95 to 0.98. 

Notice that the output is  essent ia l ly  l inear  f rom 
A s  in house 

The emittance of the s ta in less  
These va lues  are 

The sanded CS graphite, 

Operating Procedures  

The specimen is placed direct ly  on the surface provided by the 
zirconia  tube, grog, and tungsten w i r e s .  However, if the mater ia l  of 
in te res t  cannot be heated inductively, tungsten and tantalum heating 
d i sc s  are placed under the specimen with the specimen in contact with 
the tungsten disc. 

The furnace is then evacuated to 15 mm of Hg and filled with high- 
This operation is c a r r i e d  out at leas t  twice to assure 

Throughout the run a slight p re s su re  is maintained 
purity, d r y  argon. 
an  iner t  atmosphere.  
in the furnace by an argon purge, which is brought in through the rad iometer  
enclosure and exhausted f rom the furnace housing, s ee  Figure 2. In addition 
to  maintaining an iner t  atmosphere, the purge flow tends to keep fumes  away 
f r o m  the radiometer .  
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The temperature  of the specimen is ra i sed  and maintained a t  the 
des i red  point by t ransfer r ing  energy to the specimct: through the induction 
coil. 
temperature  increasing stepwise but in uniform inte!, . als. 
a ture  level a rad iometer  reading is taken in conjunct )n with the temperature  
readings. 

About three hours  a r e  required to complete a .)ingle run with the 
At each temper-  

To  obtain the 1-adiometer reading, the follow in? procedure is  followed: 
A s  the specimen is heated, the blank-off valve is  shut :SO that the thermopile 
can s e e  no impulse. Wlien the specimen temperature  reaches s teady s ta te ,  
a z e r o  reading is obtained fo r  the thermopile output. 
in the o r d e r  of 0. 02 millivolts. The blank-off valve is then opened, and 
the thermopile output incrcases  seve ra l  fold in a f e w  seconds. 
levels off as heat is  t ransfer red  down the wires  to the cold junction. 
radiometer  output is taken at the peak reading immediately af ter  s teady 
state.  The net reading f o r  tllat temperature is then obtained as the 
difference be tween the z e r o  and s teady-s tate reading. 

This reading is usually 

The reading 
The 

If the blank-off valve were left open, the thermopile output would 
decrease  slowly with time. After about 10 minutes, this reading might 
decrease  by 50%; however, if the blank-off valve were  shut and a new 
z e r o  reading obtained, the difference between this new output and z e r o  
reading would be about the same as the original readings. 
might be about 5 to 10%. 
of the cold junctions. 

The variation 
The shift in readings is a resu l t  of the heating 

The purge to the radiometer housing has  no influence on the 
readings within the ranges at  which the purge is  operated. To determine 
this  l imit ,  the purge rate w a s  increased to about 10 t imes the normal  
metered  reading, and a sma l l  shift in readings of less than l y o  w a s  noted. 

The temperature  of the specimen is  monitored by (1) thermocouples 
mounted direct ly  on the target  surface (usually held in place by a sma l l  
z i rconia  pad) and (2) optical pyrometer readings on the target surface. 
temperature  readings were  made with thermocouples; however, in the 
intermediate temperature  range f r o m  1600" F to 2700" F a c r o s s  check w a s  
made between the thermocouple readings and the optical readings. 
high-temperature measurements a r e  made with an optical pyrometer .  
A main-port  optical and an auxiliary-port optical- temperature  reading 
are taken at  each temperature  level. The auxiliary-port temperature  
is normally used only as a check; however, if conditions warrant ,  such 
as a d i r ty  main-port  window or  m i r r o r ,  the auxiliary-port  value may be 
used. 
and auxiliary-por t optical readings. 

Low 

The 

Usually very  good agreement is maintained between the main-port  
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Emittance Calculation 

t The optical temperature  readings must f irst  be cor rec ted  to obtain 
t rue temperatures .  
window and m i r r o r  while the auxiliary-port reading is  cor rec ted  for  the 
sapphire  window and the angle at which the port  views 1 1  e specimen. 
correct ions are shown a s  curves in Figure 7. 

The main-port reading is cor rec ted  f o r  the sapphire 

The 

A f t e r  assuming an arbitrary-init ial ,  emittance value, the brightness 
tempera ture  is cor rec ted  f o r  this assumed emittance,  see Figure 8. 
blackbody output is  then read  at this "true' '  temperature  f r o m  Figure 5. 
The ra t io  of the observed specimen radiometer  output to the blackbody 
output is calculated and is the emittance of the mater ia l  at that temperature .  
If the assumed emittance is cor rec t ,  the calculated value w i l l  agree with it; 
if not, the calculated value must be used as the f o r m e r  assumed value and 
the process  repeated until the assumed emittance value ag rees  with the 
calculated value.  
emittance value assuming graybody distribution of most  of the energy at 
the par t icular  temperature .  
by a digital computer. 

The 

This iterative process  w i l l  converge on the co r rec t  

The above process  w a s  programed for  analysis 

E r r o r  Analysis 

The above procedure for determining emittance is  s t r ic t ly  co r rec t  
only f o r  those mater ia l s  that radiate as graybodies, s ince the total 
emittance is assumed to be equal to the spec t ra l  emittance at the wave- 
length of the pyrometer .  This approximation w a s  used above to convert 
the brightness temperature  to t r u e  temperature .  

The e r r o r  in emittance v a l u e s  fo r  nongray,materials will vary  
depending on the difference between the 0.665 microns spec t ra l  and the 
total  emittance,  and the distribution of radiant energy within the par t ic-  
u l a r  spectrum. If the deviation f rom graybody becomes ve ry  great  at 
tempera tures  up to 2500" F, i t  is indicated by the thermocouple measure-  
ments.  On mater ia l s  of low emittance, such as tungsten, the emittance 
values calculated by this procedure could be in e r r o r  by as much as 2070 
at the highest temperatures .  
mater ia l s ,  the accuracy is within 10%. 
accuracy  of the emittance values is  good. 
v e r s u s  temperature  curves  a r e  order ly  and almost  l inear  with only normal  
da t a  scatter. 
are in close agreement.  Third, the va lues  of emittance fo r  the check 
samples  agree  very w e l l  with the l i terature ,  see Figure 6. 

However, it is believed that fo r  most 
Several  things indicate that the 

First, the radiometer  output 

Second, the data obtained on two samples  of the same  mater ia l  
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A stat is t ical  analysis of the data  accuracy is of interest .  Generally, 
the probable e r r o r  in each blackbody reading is about 470, and the probable 
e r r o r  in each  specimen reading is about 8%. If the data  points a r e  used to 
calculate emissivity,  the maximum probable e r i -o r  would then be about 12%. 
The curve-fitting approach undoubtedly reduces this maximum to about 5%. 
A s  a general  conclusion, the accuracy of the measuring sys t em is w e l l  
within the range of variation as is experienced by different finishes on the 
s a m e  mater ia l ,  the changing chemistry of the surface at the high temper-  
a tures ,  surface temperature  measurements,  and other  var iables .  
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Figure 1. P i c t u r e  of the Apparatus for  Measuring Total  N o r m a l  
Em i t  tance. 
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Argon P u r g e s  
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1. Specimen 

2. Induction Coil 

3. Zirconia  Cylinder 
Fi l led with Fine 
Zirconia  Grog and 
Tungsten W i r e  

4. Crucible  Filled 
with Coar se  
Zirconia  Grog 

5. Radiometer  

6. Water  -cooled Tube 

7. Blank-off Valve 

8. Main Optical 
P o r t  
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for Viewing Ta rge t  
Area 

10. Auxiliary Optical  
P o r t  

11. Cooling Coils 

12. p' Round Stop to  
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F i g u r e  2. C r o s s  Section of Emittance Apparatus with F la t  Coil Furnace.  
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Optical Black 
P a p e r  Absorbers  

1 
160 Cold Junctions 
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\ Plast ic  F r a m e  

Silver - Plated 
Cons tantan Wire 
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Figure 3. Schematic of 160-Junction Thermopile 
in Emittance Equlpment. 
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TEMPERATURE - O F  

FIGURE 5 . RADIOMETER OUTPUT VERSUS TEMPERATURE FOR BLACK BODY 
RADIATION. 
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Figure  7 . Correc t ion  f o r  Mirror and Sapphire Window in Emit tance 
Apparatus.  
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